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It was found in one-half of a series of 41 infants found unexpectedly dead and in whom no adequate cause of death was found. The most likely cause of this fatty change is thought to be chronic hypoxia.
While carrying out routine examinations of the cerebrospinal fluid (CSF) of children under treatment for hydrocephalus we were impressed by the presence of many large fat-laden cells (Fig. 1 ). These cells were usually associated with areas of necrosis in the distended cerebral hemisphere, and the presence of large numbers of these fat-laden cells in the CSF was associated with a bad prognosis (Chester, Emery, and Penny, 1971) .
Since that time the examination of CSF for such cells has become one of our routine Jaboratory procedures.
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It soon became clear that many specimens of CSF from children who had no overt brain disease contained many fat-laden cells, and this applied in some children in whom no obvious cerebral pathology was seen on routine histology. Thus a twostage study was carried out, first to identify the apparent site of origin of the fat-laden cells, and second to attempt an estimate of their significance.
Material and method CSF was examined as part of routine necropsy procedure by puncturing the arachnoid over the fourth ventricle just below the foramen magnum. Centrifuged deposits were stained with Sudan IV (Chester et al., 1971) , and the number of fat-laden cells expressed as a percentage of the nucleated cells seen.
Preliminary study of sites of origin of cells. A series of brains and spinal cords were taken from children having no gross anatomical deformity of the brain. Thesecomprised l5childrenhaving a fat-laden cell count ranging from 5-83 %, and 10 children with negative fat-laden cell counts. The 15 'positive' cases included 3 with bacterial meningitis, 3 with respiratory distress syndrome, 4 stillbirths, and 5 who presented as unexpected death in infancy. The 10 'negative' cases were of children of the same ages as the 'positive' group, and dying from a similar range of diseases.
The brains and spinal cord were fixed in 10 % formol calcium (Baker, 1949) . Blocks taken included most segments ofthe spinal cord, the brain stem, the posterior, anterior, and inferior homs of the lateral ventricles, the 42 Fatty change in the brain in perinatal and unexpected death corpus callosum, septum pellucidum, the fomix and choroid plexus, the cerebellum, the surfaces of the 4th ventricle, and meninges. Frozen sections were prepared and were stained for lipids by the oil red 0/triethylorthophosphate method (Gomori, 1952) and counterstained with alum haematoxylin. Duplicate blocks were processed through paraffin wax for routine histology.
Definitive survey. This was a sequential series of children coming to necropsy, comprising 200 children dying in hospital from a variety of diseases, and 107 children examined through the office of the Coroner as unexpected death in infancy (UDI). As part of the routine necropsy procedure, after fixation a standard block was taken from the lateral aspect of the corpus callosum in the area shown in Fig. 2 .
These blocks were all processed, handled, and assessed by one of us who was not concerned with the necropsy and the routine histology of the case, and it was only after assessment of the lipid changes in the brain had been made that the results were, correlated with the CSF and necropsy findings.
Results
Sites of fat-laden cells in the brain. In virtually all blocks investigated there were isolated fat-containing cells (Fig. 3) . These cells were usually in contact with a small blood vessel (presumably the so-called perithelial cell). There was a group of large fat-containing cells at the upper end of the cavity of the septum pellucidum and isolated fat-laden cells or isolated fat droplets were seen among the myelinating tracts in many parts of the brain. Thus a minimal scatter of fat-laden cells and fat droplets was invariable in children dying in the perinatal period but became increasingly scarce in older children. After the age of 8 months such cells were rarely seen. These isolated cells were seen in children who did not show fat-laden cells in the CSF.
In the group with the raised CSF fat-laden cell count most cases showed large numbers of fat-laden cells in the brain tissue. All showed the same basic distribution pattern. The areas involved were related to the corpus callosum and the lateral ventricles, particularly among the fibres of the corpus callosum and its radiations into the lateral hemispheres. The fat droplets occurred in diffuse clusters, both intra-and extracellularly, and frequently formed thick coats around capillaries (Fig. 4) . Paraffin sections showed in some brains in these same areas some perivascular vacuolation which previously we had discarded as being a technical artefact (Fig. 5 ). There were also large numbers of fat-laden cells in the subependymal zone of the lateral ventricle, and such cells were apparently entering the lateral ventricles through tears or gaps in the ependyma. A large number of fat-laden cells occupied the septum pellucidum and the fornix. The There appears, thus, to be a disease group relation in the incidence of the fatty change.
There is also a definite age relation in the proportion of children showing fatty change. Table  II shows the proportion of children dying at different age groups and includes all of the hospital death groups mentioned in Table I and also the 107 children dying unexpectedly.
B. Unexpected death in infancy (UDI). It is the practice in this department to subdivide children found unexpectedly dead into four major groups (Emery, Swift, and Worthy, 1974) . Groups A and B are essentially explained deaths, and groups C and D inadequately explained deaths. The proportion of children falling into these groups together with the incidence of each group showing fatty change is shown in Table III. The overall incidence was 41%. Exactly half of the 42 children falling into the C +D category, i.e. the least well explained deaths, showed fatty change. Group B included many children dying with acute infections, which is not surprising in view of the finding that none of the children dying of acute infections in hospital show fatty change, that this is the group of unexpected deaths showing the lowest proportion of fatty change.
Group A is the smallest group and contained a mixed profile of congenital deformities or longstanding disease, including children with congenital heart disease, all of whom showed fatty change.
The relation of the findings in the standard brain block to the proportion of fat-laden cells found in the CSF is shown in Table IV unexpected deaths are the children dying from surgical conditions of the intestine, namely meconium ileus and peritonitis, also exomphalos and cystic fibrosis, and these two distribution curves are shown in Fig. 7 . The finding that 50% of the C +D cases show both fat-laden macrophages in the CSF and fatty change in the brain, while the surgical group shows no change, indicates a pathological significance. Discussion The presence of neutral fat droplets in the central nervous system in infants was described by Virchow (1867) , who considered it to be due to congenital encephalitis. Others have occasionally observed it, The age distribution of both groups is virtually
identical, yet 50% of the UDI group showed fatty change, while none of the surgical group did so. some have thought it to be pathological, and others a phenomenon of normal neural development. Tuthill (1938) and Mickel and Gilles (1970) Mickel and Gilles (1968) considered that the child's plasma is physiologically hyperlipaemic, that the blood-brain barrier is not fully developed and enables ready movement of lipid globules through blood vessels into the brain substance. Grontoft, (1954) showed that even in fetuses a blood-brain barrier exists to trypan blue but is affected by hypoxia which produces increased permeability.
It seems possible that lipid globules could move through vessel walls in a hypoxic brain. Another concept is that the fat arises as a result of demyelination of the myelinating tracts, and this lipid is removed by macrophages. Morrison (1946) showed that demyelination of the corpus callosum occurs in mature dogs and monkeys exposed to episodes of hypoxia, and that this demyelination was not associated with gliosis. Finally, it has been shown that myelination is preceded by multiplication of glial cells in the process of myelination (Bensted et al., 1957; Friede, 1961) and this is referred to as 'myelination gliosis' (Mickel and Gilles, 1970) . This premyelination stage has been shown to be be extremely sensitive to hypoxia by Petropoulos, Dalal, and Timiras, (1972) .
The exact cytochemical stages involved in myelin formation have not yet been discovered, although we know that the majority of the typical myelin lipids are present before the myelin sheaths are seen (Uzman and Rumley, 1958) , and that histochemically the newly formed myelin sheaths are rich in hydrophobic lipids, probably cholesterol esters (Adams and Davison, 1959) . We have carried out limited histochemical studies on our material and the results appear to confirm the presence of cholesterol esters in these fatty change lesions.
Our results also indicate that there is some difference between the lipid material coating the vessels and in the fat-laden cells observed among the myelinating tracts. It is feasible that injury could manifest itself as an alteration in the metabolism or synthetic capability of the myelinogenetic cells, resulting in accumulations of lipid material in those parts of the central nervous system involved in the key stages of myelin formation at the time of injury. We know from the studies of Langworthy (1933) , Larroche (1966) , and Yakovlev and Lecours (1967) that the myelination of the corpus callosum starts around the time of birth, and continues for some considerable time, and it is therefore a region of the brain which is most likely to show evidence of damage produced by agents affecting the brain during the immediate postnatal period.
The examination of the CSF for fat-laden cells at necropsy is useful. Within our present series the significant level of fat-laden cells in the CSF deposit is set at over 5%. If meningitis and hydrocephalus are excluded the prevalence of false positives is very low indeed (less than 0*5%).
We feel that the lesions in the brain when found are ofpathological and not physiological significance, and in view of the indirect evidence by analogy with groups of children dying from conditions with which hypoxia is strongly related and who showed fatty change, that chronic hypoxia is the most likely cause of the condition. That one-half of the children found unexpectedly dead and in whom no pathology was identified is important. If these lesions are due to hypoxia then this finding supports the suggestions by Naeye (1973) based on changes caused by hypoxia in the pulmonary small arteries in many children found unexpectedly dead. Such lesions do not explain death, they are merely a guide as to probable pathways to death. 
